Abstract. The contribution of atomic chlorine to the chemistry of marine regions as well as the Arctic at ground level at polar sunrise is the subject of a number of recent studies. However, identifying the specific chlorine atom precursors has proven difficult. One potential approach is the measurement of definitive products of chlorine atom reactions, for example with biogenic hydrocarbons. We report here product studies of the chlorine atom reaction with isoprene using ppm concentrations at one atmosphere air and 298 K in a NOx-free system using atmospheric pressure ionization-mass spectrometry (API-MS) as well as GC-MS. 1-chloro-3-methyl-3-butene-2-one (CMBO) is identified as a unique product of this reaction, and there is evidence of the formation of three additional isomers of CMBO as well. Methyl vinyl ketone (MVK) is formed in small yields (9 + 5 %), consistent with earlier studies of this reaction in which an upper yield of 13% was reported. The stable product expected from allylic hydrogen atom abstraction (measured in earlier kinetic studies to be 15% of the total reaction), 2-methylene-3-butenal, is also tentatively identified using API-MS. Assuming that similar chemistry occurs at the ppb-ppt levels found in the atmosphere, identification of CMBO and/or its isomers in field studies could provide strong evidence of chlorine atom chemistry in low NO x environments where there are also sources of isoprene.
Introduction
The role of sea salt particles in the chemistry of the troposphere has been recognized for a number of years [Cicerone, 1981] . More recently, the potential for generation of photochemically active chlorine-containing products which subsequently photolyze to generate chlorine atoms has been of great interest [Finlayson-Pitts, 1993 Another potential approach to investigating chlorine atom production in the troposphere is to identify and measure any unique chlorine-containing products of its reactions with organics. For example, significant quantities of isoprene are produced by deciduous trees and shrubs in coastal areas [e.g. see Guenther et al., 1995] ; in addition, there appears to be a source over the oceans since it has been shown to be generated by phytoplankton in seawater [Bonsang et al., 1992; Moore et al., 1994; Milne et al., 1995; McKay et al., 1996] . Isoprene emitted in coastal areas or in the marine boundary layer may be oxidized by 03, NO3 (at night), OH (during the day) as well as C1 atoms at dawn. If the Cl-isoprene reaction gives unique chlorinecontaining products, they could serve as "markers" for chlorine atom chemistry.
The kinetics and mechanism of reaction of chlorine atoms with isoprene have been studied recently [Ragains and Finlayson-Pitts, 1997] . As expected for a di-unsaturated alkene, the reaction is fast, with a rate constant of (4.6 + 0.5) x 10 © cm 3 molecule -• s -• (2 ,) at 298 K and one atmosphere pressure. A small but significant fraction, 15 + 4 % (2 ,), of the overall reaction proceeds by abstraction of an allylic hydrogen, which is expected to lead to the formation of 2-methylene-3-butenal as a stable product in air. The remaining 85% of the reaction must proceed via the initial addition of the chlorine atom to one of the double bonds, followed by reaction of the resulting alkyl radical with 02. This suggests the potential for formation of unique chlorinecontaining products characteristic of this reaction.
We report here laboratory studies identifying 1-chloro-3-methyl-3-butene-2-one (CMBO):
CH 2 CH2CI
and three of its isomers as unique products of the gas phase chlorine atom reaction with isoprene in air at room temperature. In addition, we have tentatively identified the expected abstraction product, 2-methylene-3-butenal.
Experimental
Isoprene (Aldrich, 99%, stabilized with 100 ppm p-tertbutylcatechol) and isoprene-d8 (Cambridge Isotope Laboratories, Inc., 98%, stabilized with hydroquinone) were first degassed using three freeze-pump-thaw cycles. The isoprene was then vacuum distilled into the gas phase, and aliquots were stored in a 5 L bulb. As expected, the low volatility inhibitors were not present in the gaseous isoprene at levels which could be detected by FTIR, GC-FID or API-MS. C12 (Matheson, 99.5%) was trapped at liquid nitrogen temperature before use and stored as a gas in a 5 L bulb prior to use. The isoprene and C12 gases were swept separately from a calibrated volume into a 50 L Teflon reaction chamber (Alltech) using ultra high purity air (Liquid Carbonic, Ultra Zero air), giving final concentrations in the range of 12-58 ppm isoprene and 4-19 ppm C12, respectively at one atmosphere total pressure. The mixture was photolyzed using eight Sylvania 350 Blacklights (30 Watt, F30T8/350BL) which provide UV radiation in the 300-450 nm region with a maximum intensity at-360 nm. Total photolysis times were typically 10 minutes, resulting in an 18% loss of isoprene. All runs were carried out at room temperature.
The loss of isoprene was followed using GC-FID ( To assess the possible formation of such isomers, GC-MS studies were also performed. The chromatogram of the products from the chlorine atom-isoprene reaction shows a number of product peaks (Fig. 4a) . The peak labeled ,4 in Fig. 4a is at the same retention time and has the same electron impact mass spectrum (EI-MS) as CMBO, providing further confirmation of CMBO as a product of the chlorine atom-isoprene reaction. However, at least three other peaks (labeled B, C, and D in Fig.  4a ) had EI-MS showing the highest masses at 118/120 (Fig. 4c-e) indicating that indeed, more than one isomer is formed. (The small peak between ,4 and B in Fig. 4a is the In addition to the peaks at m/z = 119, 83 and 71, a number of other peaks were observed in the Q1 scan (Fig. l a) with rapid conversion of NO to NO 2 and significant production of organic peroxynitrates at the ppm concentrations required in these studies. Under these conditions, significant generation of OH is predicted, which then also reacts rapidly with both isoprene and its reaction products. Further work is underway to explore this complex system in more detail.
Conclusions
A unique chlorine-containing reaction product, 1-chloro-3-methyl-3-butene-2-one (CMBO), has been identified in the reaction of ppm concentrations of isoprene with atomic chlorine at atmospheric pressure and 298 K in NOx-free air. Isoprene is ubiquitous in the troposphere, and chlorine atoms are formed by photolysis of the halogenated products of reactions of NaCI and other chlorides in sea salt particles. Hence, assuming similar chemistry occurs at the lower concentrations found in the troposphere, CMBO and its isomers may serve as unique markers for chlorine atom chemistry in future field studies of low NOx coastal regions and the marine boundary layer.
